In a previous study (Le Gros Clark and Warwick, 1946 ) the degeneration of olfactory receptors in the rabbit following complete or partial ablation of the olfactory bulb was examined by reference to sections of the mucosa covering the septal cartilage, stained by Bodian's protargol method. Evidence was advanced to show that this is a true secondary degeneration following interruption of the primary olfactory neurons, and not the result of other factors such as vascular disturbance. It was found that the degeneration of the olfactory receptors occurs with great rapidity, for they undergo almost complete disintegration one week after removal of the bulb. The atrophy of the receptors is associated with a shrinkage in depth of the whole epithelium. The histological picture of the septal epithelium following partial lesions of the bulb incidentally led to the conclusion that there is no definite localized projection of different areas of the olfactory epithelium on to the bulb, for such lesions appeared to lead to a general thinning out of the receptors rather than to localized areas of complete degeneration. Later, evidence was brought forward by Adrian (1950) , on the basis of electrophysiological studies, that there is in fact some degree of localized projection, though of a rather diffuse kind. He further made the interesting suggestion that this may have some importance as a basis for olfactory discrimination. It therefore appeared desirable to investigate the problem further by experimental anatomical methods, without limiting observations to a restricted area of the septal mucosa. As will be seen, this more extended enquiry has provided definite evidence of a general type of localization in the projection of the olfactory epithelium on the olfactory bulb.
Material and Methods
Partial or complete ablations of the bulb were made in 14 rabbits. Young animals, about 3 months old, were used for the experiments in order to eliminate as far as possible the complications of chronic rhinitis B which is liable to affect older laboratory animals. Under nembutal anaesthesia, and with aseptic precautions, the bulb was exposed on one side by removing the frontal bone covering it. The lesions were effected with a fine-bladed scalpel, and in every case the resulting haemorrhage was readily controlled by slight pressure with a pledget of wool. The animals were allowed to survive two to six weeks. The brain and olfactory mucosa were fixed by perfusion through the aorta of 5% formol saline. The frontal poles of the brain, with the attached remnants of the operated bulb and the normal bulb of the opposite side, were removed, embedded in one block, and cut in serial sections. The latter were stained with haematoxylin and eosin or methylene blue. The whole of that part of the nasal cavity containing the olfactory epithelium was resected and, after decalcification in 5% nitric acid, serially sectioned. Every fiftieth section was mounted and stained with haematoxylin and eosin.
From the serial sections of the olfactory bulbs the position and extent of the lesion in each experiment were defined. For several reasons, however, this could only be done approximately. In the first place, the operation usually resulted in some distortion of the olfactory bulb (with considerable dilatation of the olfactory ventricle), so that it was not always easy to compare precisely the situation ofthe destroyed glomeruli with those of the normal bulb of the opposite side. Secondly, the zone of complete destruction was in many cases bordered by glomeruli which, though not directly affected by the lesion, had undergone varying degrees of atrophy consequent on the interruption of their afferent olfactory connexions. The assessment of the extent of this indirect, partial involvement of glomeruli was difficult. Account had also to be taken of secondary involvement due to vascular interruption, and as a result of this factor it was found that lesions which were intended to be small and localized had extended some way beyond the actual site of operation. For this reason, also, in three cases in which relatively large lesions had been made (with the intention of leaving intact small remnants of the glomerular system), it was found that total destruction of the bulb had in fact resulted.
The serial sections of the nasal cavity were used to plot the distribution of the secondary degeneration in the olfactory epithelium. The degree ofshrinkage ofthe epithelium was measured with an ocular micrometer over different parts of the septum and all the turbinate processes, and compared with the normal epithelium at corresponding points in the opposite side of the nasal cavity. In each local region compared, the mean of ten separate measurements was taken. In order to obtain a general indication of the distribution of degeneration of different degrees of severity (complete or almost complete, and partial or slight), two arbitrary grades were selected: (1) severe degeneration, in which the total depth of the epithelium had been reduced by at least 25% when compared with the normal side, and (2) moderate degeneration, in which the reduction was at least 10% ( Fig. 1) . Following total resection of one olfactory bulb, the average reduction in depth of the olfactory epithelium of that side in all areas (as measured on the sections) is 40%. In the first experiments, the animals were allowed to survive six weeks after operation in order to ensure that the maximum resulting degeneration of the olfactory epithelium had occurred. It (Fig. 4) The serial sections of the olfactory cavity are somewhat imperfect, but they permit a satisfactory delineation of the areas of epithelial degeneration. The distribution of the degeneration conforms closely to that of experiment R.146, except that it extends further down on the septum (particularly anteriorly), is less marked on the upper aspect of the first endoturbinal, and does not appear to involve the second endoturbinal at all.
At the most posterior extremity of the nasal cavity there is little evidence of degeneration except for a moderate degree near the upper margin of the septum and the lateral wall of the dorsal recess. Experiment R.637 (Fig. 5 ).-A lesion was made on the medial aspect of the anterior half of one bulb. The animal was killed two weeks later. Serial sections show that, probably as the result of vascular damage, a zone of necrosis extends back from the site of the operative lesion on the dorsal aspect of the bulb. They also make it apparent that the lesion had not involved as much of the medial aspect of the glomerular system as had been intended. weeks after the operation. The posterior extension of the lesion was found to be considerably less than in any of the four previous experiments. In conformity with this, the retrograde degeneration of the olfactory epithelium is also less extensive, and in the most posterior sections it shows no gross change. Nevertheless, the distribution of the degeneration is considerably wider than would be expected on the basis of a sharply localized topical projection on to the bulb. Over the upper part of the septum in its anterior two-thirds, a corresponding extent of the nasoturbinal, the convexity of the upper ectoturbinal, and the upper surface of the whole length of the first endoturbinal, the olfactory epithelium shows severe degeneration. A moderate degree of degeneration is also present over the upper surface of the lower ectoturbinal and in marginal zones bounding the strips of severe degeneration. It will be noted (Fig. 6) that the epithelium at the summit of the dorsal recess is represented as being not obviously degenerated. However, it is not possible to make any definite statement about this region, because the corresponding olfactory epithelium of the opposite side shows some shrinkage (? of rhinitic origin), which thus precludes a comparison with the operated side. Twelve transverse sections of the olfactory bulb, taken at regular intervals, are represented above. The extent of total destruction is indicated in black and areas of partial involvement in stipple. In all cases the lateral aspect of the bulb is shown to the left. Below are shown, from left to right, outlines of transverse sections taken at regular antero-posterior intervals through the nasal cavity of the affected side, the septal epithelium in each case being shown to the right. on the first endoturbinal, presumably in relation to the amount of indirect involvement fact that the anterior extremity of the olfactory bulb beyond the immediate bounda had been completely destroyed.
Experiment R.642 (Fig. 8 ).-Experiment R.641 (Fig. 7) half of its extent, the lower surface of the second endoturbinal, the upper lip of the third endoturbinal, and the epithelium covering the fourth endoturbinal. The distribution of the epithelial degeneration is thus similar to that of the previous experiment (R.641) but rather more extensive.
Experiment R.644.-The lesion in this case was similar to that of the previous experiment (R.642). The animal was killed six weeks after the operation, and serial sections of the bulb show complete destruction except for the medially situated glomeruli in the posterior third of the bulb.
The serial sections through the nasal cavity are not entirely satisfactory, for the mucous membrane is affected by scattered patches of atrophic rhinitis. However, where the epithelium appears normal in structure it provides some reliable information regarding the distribution of secondary degeneration following the bulbar lesion. The extent of this degeneration corresponds closely with that in experiment R.642. It involves the whole of the septal epithelium, except the ventral part of its most posterior portion. The epithelium covering the medial aspect of the third and fourth endoturbinals also appears to be intact. On the other hand, the epithelium of the lateral wall of the nasal cavity has undergone severe degeneration throughout its whole antero-posterior extent.
extended to the anterior extremity of the dorsal recess and the nasoturbinal. In a mediolateral direction also, the topographical projection of the olfactory epithelium on to the bulb seems to be not very sharply defined, though the experiments again provide evidence for a regional projection of some degree in this direction.
If the projection of different areas of the olfactory epithelium is considered separately, the following general statements appear to be justified by the experiments. The dorsal part of the septal epithelium projects mainly on to the dorsally situated glomeruli, and the more ventral part to those situated medially and ventrally. The epithelium covering the nasoturbinal likewise projects largely on to the dorsal glomeruli, though there is some evidence that the more lateral region of this epithelium is predominantly related to the glomeruli on the lateral surface of the bulb near its upper margin. The epithelium covering the dorsal surfaces of the first and second endoturbinals (particularly the former) appears to be most directly related to the front and upper parts of the bulb, while that covering the less exposed areas of these processes only undergoes degeneration The epithelium of the third and fourth endoturbinals is evidently related predominantly to the glomeruli in the most postero-ventral part of the bulb. As regards the epithelium covering the ectoturbinals in the lateral recess of the nasal cavity, the experiments suggest that the more exposed parts tend to project on to the more dorsal glomeruli, and the less exposed parts on to ventral and lateral glomeruli.
It is not possible to draw more precise conclusions on the topographical localization in the olfactory bulb from these experiments, because the material only permits an approximate delineation of the extent of the lesion, complete or partial, affecting different glomeruli; nor does it afford a very exact quantitative evaluation of the degree of secondary degeneration affecting the receptors in different parts of the olfactory epithelium. In general, however, the type of localization which has been demonstrated accords reasonably well with that which has been reported by Adrian on the basis of electro-physiological studies. That the projection, in relation to at least some areas of epithelium, may perhaps be more precise than the present series of experiments indicates, is suggested by the observation that in certain cases of partial lesions of the bulb the transition between apparently normal and severely degenerated areas of epithelium is rather abrupt. This appearance is shown in Fig. 9 , in which the olfactory epithelium covering the first endoturbinal in experiment R.146 is seen on the operated and normal sides. In this particular case it is difficult to explain the abruptness of the transition between the two epithelial areas except on the assumption that the junctional margin of the corresponding projection areas in the olfactory bulb is equally well defined.
That there is no regular point-to-point projection of the olfactory epithelium on to the bulb, in the sense that, as with the projection of the retina on to the lateral geniculate nucleus, each local area of the sensory epithelium is represented centrally in an orderly sequence of equivalent areas having the same spatial relationship, seems assured by a histological study of normal material. It is now established that the olfactory fibres derived from the receptors in the olfactory epithelium pass directly up to the cribriform plate in parallel fasciculi, and without any significant rearrangement while they are in the nasal cavity. But as soon as they penetrate the cribriform plate to enter the cranial cavity, the individual fasciculi split up into smaller components and the latter become involved in a most complicated plexus of interweaving fibres on the surface of the olfactory bulb before they enter the latter. It 
